Despite the great interest to quantify the structure of ecological networks, the influence of morphological, 32 ecological and evolutionary characteristics of the species still remains poorly understood. One of the 33 challenging issues in ecology is how the interaction opportunity influences and provides changes to the 34 associations between species, and which effects these changes have on ecological systems. To explore 35 topological patterns in host-parasite networks, we sampled endoparasites-anurans interactions in South 36 America in order to determine whether the effect of the ecological opportunity affects our understanding 37 of the topological structure of the interaction networks. To identify the effect of the ecological opportunity 38 for interaction, we investigated interactions in environments with and without flood pulse, where 39 presence would promote higher ecological opportunity of interaction. Moreover, we created three 40 theoretical models with filters to test the influence of the ecological opportunity for interaction: random, 41 phylogeny and host body size. We then calculated commonly used binary network metrics (connectance, 42 nestedness and modularity) for the networks generated by the theoretical models. We demonstrated that 43 the interaction ecological opportunity changes the structure of host-parasite networks, and was 44 influenced mainly by phylogeny and body size of the host. Our results indicate that environments that 45 offer greater opportunities for interaction between species present networks with the most 46 connectance/nestedness and less modularity. Networks in environments that do not have such 47 48 opportunity of interaction is reflected in an increase in interaction associations between species and 49 affect/change the organization of these interactive assemblages. From an epidemiological point of view, 50 changes in the composition of parasitic species are associated with risks of invasions and emerging 51 diseases. In part, emerging diseases are the result of processes such as those occurring during the flood 52 pulse, in which climate change, travel, and global trade create opportunities for new species 53 associations. Our results provide insight into the dynamics of incorporating a new resource, considering 54 an evolutionary factor responsible for these changes in species composition. 55 56 57 58 3 59 Introduction
To answer our questions, we chose to test the effect of random, phylogeny, and host 169 body size to see the changing structure (ecological opportunity) of host-parasite 170 networks in different environments. We chose phylogeny because it was revealed as a 171 potential driver of parasitic diversity. Host species vary in their evolutionary time of 172 exposure for parasites acquisition and sharing, therefore, suffering variable co-173 evolutionary constraints [32] which would influence the interactions and the structure of 174 their networks' interaction. We also chose the host body size as it was a good predictor 175 of the diversity of parasite species [17, 42, 53] . Large hosts can provide more space and 176 resources, and possibly a greater breadth of niches for parasites. Moreover, larger hosts 177 live longer and represent fewer ephemeral habitats than small species and are therefore 178 also more exposed to parasites [61] . 179 Three theoretical models with filters were created (random, phylogeny and body 180 size of hosts models -Appendix S3), to test the influence of the ecological opportunity 181 on the structure of host-parasite networks. Each model is characterized as a specific 182 filter that randomly selects hosts and their parasites from the interaction database that 8 183 resulted in random networks. Unlike what is commonly used to analyze the structure of 184 networks, our random networks considered only real interactions extracted from the 185 interaction database (collected from the literature). Our models have generated random 186 networks using real interactions and may give a more accurate answer about the 187 topology of the interaction network than other simpler null models commonly used that 188 consider only random interaction simulations, or that weigh only by the interaction ratio 189 of the species network for example. Given this approach the following theoretical models 190 were proposed: i. 
where Ȳ is the value of the standardized metric (equivalent to the regression 250 residue), Y is the value of the non-standardized metric, par is the number of parasites, 251 and α and β are the slope and the linear coefficient of the regression, respectively. 252 253 Comparison of the network structure 254 From here onwards we call "observed network" any of the four observed networks for 255 tested environments, and "random network" any network generated by filters. We 256 identify which model best explains each observed network as well as which network is 257 best described by the models. To compare networks, we first calculated the distance (D) 11 258 for each metric, from each random network of each theoretical model to the observed 259 network in units of standard deviation:
where Ȳ obs is the standardized value of the observed network, Ȳ rand is the 262 normalized value of the random network metric, and σ rand the standard deviation of 1.000 263 values of Ȳ rand . Subsequently, for a given metric and observed network, a unidirectional 264 analysis of variance (ANOVA) was applied to evaluate whether there was a difference 265 between these groups. Tukey's test [79] was used to determine the occurrence of 266 differences between treatments. After measuring the difference, the distance averages 267 between the real networks and each random network of each model was compared to 268 verify which theoretical model best described the observed networks. When the metric 269 and the observed network were fixed, we compared which model best explained the 270 observed network. When the metrics and model were fixed, we compared which 271 observed network was best explained by the models. All statistical analyses were 272 performed using the "stats" package in the R software [22] . For all tests, we assumed 273 the significance of p<0.05.
275 Results

Structure of host-parasite interaction networks
277 Some of the random networks presented a range from smaller to greater number of 278 parasite species than the observed networks ( Fig. 1, 2 , 3 -black bars, upper x axis -279 frequency of the number of parasites), except for the Amazon, whose smallest random 280 network had at least twice more parasites than the observed network. Thus, by 281 correcting the effect of network size, the theoretical models could not reach a network as 282 small as that analyzed in the Amazon due to low parasitic richness analyzed in this 283 environment ( Fig. 1, Fig. 2 and Fig. 3 -j to l). Despite our attempt to control the effect of 284 network size by a standardization method, we were unable to ensure that the ratio of the 285 metric and the number of parasites maintained the same linear tendency for such low 286 numbers of parasites for Amazon. Therefore, the Amazonian simulations were removed 287 from subsequent analysis.
288
The nestedness increases with the number of parasites in the network for the 289 remaining three environments ( Fig. 1, Appendix S6 ). Connectance and modularity were 290 negatively correlated with the number of parasites in most simulated models ( Fig. 2 and 291 3, Appendix S6), except for the connectance in simulated neutral models for the 292 Pantanal (R² = 0.01, p = 0.98) and Atlantic Rainforest, which were not correlated (R² = 293 0.002, p = 0.15). The right column of "Theoretical Model" is ordered according to the model that better describes the observed network for a given metric, followed by the average distance (<D>) between the observed network and the random networks. * = significant difference <0.01. 335 336 337 The theoretical models describe environments without flood pulse better 338 than the flood pulse environments 339 The resemblance of the network metrics from randomly sampled networks to observed 340 networks environments with and without flooding for each metric presented different 341 distances (Table 2 ). All metrics pointed network structure of the Pantanal as the furthest 342 from the network structure of the theoretical models (statistics for support The method we developed to infer how the structure of anuran-endoparasite interaction 355 networks under different conditions of encounter opportunities could be described by 356 theoretical models based on neutral, host phylogeny and host body filters. We found that 357 the theoretical models described the network without flood pulse -i.e low ecological 358 opportunity for interaction (Atlantic Rainforest) -better than the networks with cyclic 359 flood pulse (Pantanal and Chaco). In addition, the networks of the three environments 360 were best described by the theoretical models with phylogeny or host body size filters 361 rather than the neutral filter. This result suggests that, in fact, the increased ecological 362 opportunity for encounters provided by the environment increases connectivity through 363 the incorporation of new host species in the repertoire of the parasites.
364
The topology patterns observed in the communities reflect the mechanisms that 365 structure their respective networks. Some studies suggest randomness as an underlying 366 mechanism for explaining the structure of parasitic communities [44, 62] . However, the 367 metrics we tested in our study did not indicate the neutral model as the main structuring 368 mechanism for network topology, except for the connectance of the network in the 369 Atlantic Rainforest. The interactions of the Atlantic Rainforest can be the result of 370 random neutral encounters between individuals, whose probability is mediated by the 371 relative abundances of the populations involved and by compatibility in the case of 372 parasites.
373
In parasitic communities, the evolutionary history of the host acts as one of the 
379
Many life-history traits are positively correlated with body size and therefore may 380 have affected the structure and dynamics of ecological networks at multiple scales of 381 biological organization, from the individual to the ecosystem [20,60,66,77]. Currently, the 382 major challenge is to develop a body of theory that can explore the implications of body 383 size on the structure and functioning of the host-parasite networks.
384
The metrics of the Atlantic Rainforest networks were more similar to the theoretical 385 models than the Pantanal and Chaco networks (Fig. 1, 2, 3 and Table 2 ). These points 386 to other potential factor(s), besides phylogeny and size, acting on the structure of the 
441
Our results may have been influenced by the fact that the host-parasites interaction 442 database was built from several studies, with different sampling efforts in different 443 regions. This could have increased the interaction records, and, consequently, increased 444 the connectance and reduced the modularity of theoretical models. On the other hand, 445 the interaction database had a larger spatial scale than the local studies in the analyzed 446 environments, so that the random networks could have selected hosts that did not co-447 occur and, therefore, did not share the same species of parasites, resulting in more 448 modular, but less connected random networks. Even so, the variation in network size 449 between the simulations is high; there is a risk that methodological artifacts (low sample 450 effort) may have been affected, especially in the Amazon network. The fact that the 451 Amazon has a low parasitic richness could be due to the lower sampling effort.
452 Therefore, we opted for excluding this environment from our analyses. However, even 20 453 with these factors, all the observed networks had the same tendency; they were all more 454 connected and less modular than predicted by the models, thus validating our results. 
